Abstract
Introduction
The adult human heart has been viewed as a static terminally differentiated organ, formed of [2] [3] [4] [5] . In the early 1920s, counts and measurements of muscle fibres made by Collier [6] and Karsner et al. [7] confirmed that myocardial hypertrophy and hyperplasia are occurred. Thereafter, Macmahon [8] [50] or in part by migration of progenitor cells from distant organs [51] . Similar genetic mapping approach to track cell fate in injured heart has been followed by Loffredo et al. [52] . [52] . However, recent findings showed that the function and potential plasticity of stem cells, potentially activated or recruited after injury into the myocardium, is impaired by aging [53] and severity of cardiac disease [54] . 
Signalling of miocardiogenesis: a developmental perspective
Unravelling how different signalling pathways dictate cardiac precursor specification and subsequent behaviour is critical for predicting how damaged myocardium will self-renew (Fig. 1) [58] . However, the role of these proteins has been substantiated in cardiac cell cycle control [59] [61] . On the basis of this notion, Oh et al. [62] [64] . Thereafter, Notch regulates CPC proliferation and fate through an interaction with Wnt/b-catenin signalling [64] . Previous study showed that cardiomyogenesis in the adult heart depends on the activation and differentiation of cardiac stem cells [65] . In accordance with the traditional model of development of self-renewing organs, stem cells give rise to progenitor precursor cells, which then proliferate and eventually reach terminal differentiation and growth arrest. Newly generated cardiomyocytes might proliferate and concurrently differentiate, mimicking cellular hyperplasia and hypertrophy [66] . [67, 68] . Alteration of Notch1 pathway hampers coronary vessel wall maturation during myocardium growth and development [69] and even predisposes to the onset of lethal cardiomyopathy [70] [76] . [77] . [78] . In particular, Notch increases SMAD3 mRNA expression and cooperatively induces histone H4 acetylation in cooperation with TGF-␤. Recently, Maioli et al. [79] showed that the transcription of the cardiogenic gene [80] .
Activation of the Notch1 cascade is crucial for cell-to-cell interaction during cardiovascular development and may influence differentiation, proliferation and apoptotic events of CPC

. Notch1 signalling is limited by the abundance of Notch1, which is transcriptionally controlled by Nrf2 (nuclear factor erythroid-derived 2-related factor 2), which is a prosurvival transcription factor that plays a pivotal role in maintaining cellular homeostasis following oxidative stress [71-73] and proinflammatory state [74] in adult heart. Nrf2-mediated regulation of Notch1 expression may be most critical in postnatal stages, rather than during development, because Nrf2 disruption does not produce altered phenotypes during early development stages. Nrf2 is abundant in tissues containing stem cells, such as liver, kidney and gastrointestinal-tract. Wakabayashi et al. [75] showed original evidence that Nrf2 facilitates tissue regeneration in the liver by regulating Notch1 expression. Moreover, recent experimental evidence showed that an increased expression of Nrf2 improves the effectiveness of cell therapy delivered in infarcted rodent heart
Wnt signalling has been shown to influence the development of the heart. Recent data suggested canonical Wnts promote the emergence and expansion of cardiac progenitors in the pregastrula embryo. Martin et al. showed that canonical Wnt signalling up-regulates expression of the cardiac stem cell marker c-kit and pluripotency genes Oct25 and Oct60 without a corresponding inhibition of cardiogenic differentiation
During cardiomyogenesis, Notch and TGF-␤ signalling pathways are involved in endothelial-to-mesenchymal transition of endothelial cells. Notch activation modulates TGF-␤ signalling pathways in a receptor-activated Smad-specific manner
in embryonic stem cells is enhanced through Smad4 binding to its own consensus Smad site. The above signalling pathway driving cardiogenesis is modulated by novel molecules, which maintains acetylation of histone H4 in stem cells and adult cardiomyocytes, such as hyaluronan mixed esters of butyric and retinoic acids
Imaging of self-renewed myocardium
The phenomenon of myocardial self-regeneration needs more detectable and quantifiable evidence in response to historical controversies [81] [82] [83] [84] .
The process of myocardial remodelling is initiated with a number of dynamic adverse effects in injured heart. Firstly, the non-contracting tissue expands and becomes thinner. The extreme thinning of the infarcted cardiac wall is easily detectable in both animal models and human beings. Secondly, the reactive growth of the cardiac tissue causes an increased volume load, after which compensatory mechanisms also lead to an increased pressure load on the heart. The mechanical overload results in LV hypertrophy and then dilation with increasing of LV cavity volume.
Finally, the occurrence of myoarchitectural disarray in the ventricular wall, i.e. the presence of abnormally organized cardiomyocytes, characterizes the remodelled myocardium in cardiovascular disease, such as hypertrophic cardiomyopathy, hypertension and myocardial infarction [85] . The cardiac muscle architecture lies at the basis of the mechanical and electrical properties of the heart, and dynamic alterations in fibre structure are known to be of prime importance in healing and remodelling after myocardial infarction. [86, 87] as well as for the evaluation of structural tissue changes caused by ischaemia [88] .
The amount of disarray present in the hearts after myocardial infarction, in both the border areas and the scar tissue formed by the infarction, is quantifiable by magnetic resonance imaging (MRI). In fact, diffusion tensor imaging offers a nondestructive tool for the study of myocardial fibre orientations
Myocardial wall anatomy and function of normal/injured cardiac regions are also accurately assessed by MRI using velocity encoding, tagging or DENSE (displacement encoding with stimulated echo) imaging [89] [90] [91] [92] . The delayed enhancement-MRI of the infarcted myocardial wall after injection of a gadolinium-based contrast agent has been demonstrated to correlate with infarct size [93] .
Regional myocardial wall perfusion in infarcted heart is quantified by positron emission tomography (PET) after intravenous injection of specific radiotracers, such as 13NH3 (ammonia) [91, 94] , 11C-acetate [95] or (15)O-labelled water [96] . Recent investigations also demonstrated that it is feasible to quantify regional myocardial perfusion in ischaemic heart using gated single photon emission computed tomography (SPECT) [97] or hybrid SPECT/coronary computed tomography angiography technology [98] . The nuclear medicine has made possible an accurate assessment of the myocardial viability through a monitoring of its metabolism. Radionuclide modalities currently used in the assessment of viability include (201)Tl SPECT, (99m)Tc-based SPECT imaging and (18)F-fluorodexoyglucose ((18)F-FDG) [103] [104] [105] [106] or administration of new drugs, which elicit self-repair of the myocardium, such as hyaluronan mixed esters of butyric and retinoic acid [80] . These studies showed that the myocardial structure, function and viability of infarcted heart following regenerative treatment is equal to uninjured myocardium and the infarct scar size is significantly reduced. 
Conclusions
